reduced. When combined with previous studies, there is increasing evidence that the fast component of motor learning is a result of a process involving a cerebello-prefrontal network, which is both neuronally distinct from the slow process that generates longer lasting motor memories, and shares some level of functional architecture with the declarative memory system.
The work of Keisler and Shadmehr [8] is both timely and informative. There has been a growing body of research suggesting a strong link between fast and slow learning mechanisms and explicit and implicit adaptation mechanisms. This demonstration that the fast system is reliant upon, and shares resources with, declarative memory helps solidify these emerging ideas. As declarative memory is responsible for memory of facts and events, it would seem the logical system to handle explicit, effortful, remembering of particular sensorimotor perturbations. Similarly, one could reasonably hypothesize that the slower component of motor learning would have substantial dependence on procedural memory. This hypothesis is supported by work with patient HM, a famous anterograde amnesic. When exposed to a novel force field task, HM demonstrated adequate retention of the novel motor memory, but displayed an abnormally slow learning rate throughout acquisition [14] : HM's marked impairments in his declarative memory system may have had a significant impact in the fast motor learning processes, leaving the slow learning processes relatively intact.
Our motor system's natural ability to identify and control for errors in movement has been well established. Identifying the specific neurological systems that are responsible for this uncanny ability will provide invaluable knowledge that could have wide ranging impact on understanding typical and atypical human motor performance, robotic control systems, rehabilitation regimens, and tele-operations. Future research aimed at quantifying both the cognitive and non-cognitive resources involved in both types of motor learning are now required to fully explore what is likely to be a diverse recruitment of neurological systems to foster successful motor adaptation across time. 4 The assembly of inflammasomes under different conditions requires a member of the Nod-like receptor (NLR) protein family, thought to act as a sensor of various stresses, including bacterial infection, and in certain cases also requires an adaptor protein called ASC [1] . Inflammasome activation in macrophages results in both a form of cell death termed 'pyroptosis' [2] and the cleavage and secretion of biologically active forms of the inflammatory cytokines interleukin-1b (IL-1b) and IL-18 [3, 4] . Caspase-1 deficiency results in increased susceptibility to a variety of infections, including infection by the enteric intracellular pathogen Salmonella [5, 6] , but precisely how caspase-1 controls bacterial infection has remained somewhat unclear.
Caspase-1-dependent pyroptosis results in the elimination of cellular niches for bacterial replication, and secretion of caspase-1-dependent proinflammatory cytokines recruits and activates immune cells. Both of these processes are thought to be important for innate immunity against infection. A recent study by Miao, Aderem, and colleagues [7] makes elegant use of both bacterial and mouse genetics to tease apart the relative contributions of these caspase-1-dependent effector mechanisms in host defense against Salmonella typhimurium infection.
Bacterial pathogens utilize specialized virulence factors that promote colonization of host niches and interference with host immune defense. Salmonella utilizes two specialized secretion systems (termed type III secretion systems) encoded on two Salmonella pathogenicity islands, SPI-1 and SPI-2, in order to accomplish two distinct aspects of survival and replication in mammalian hosts: SPI-1 is necessary for bacterial invasion of non-phagocytic cells and breaching of the intestinal epithelium [8] , whereas SPI-2 mediates survival and replication within host macrophages and is therefore necessary for systemic infection [9, 10] . It was discovered that, when Salmonella is grown under conditions that induce expression of SPI-1 and therefore promote invasion of epithelial cells, the bacteria potently trigger caspase-1 activation in macrophages [11] . This caspase-1 activation was found to depend also on the SPI-1-dependent delivery of bacterial flagellin into the host cell [12, 13] . While specific chaperones function to mediate specificity of secretion system substrates, the close evolutionary relationship between flagellar machinery and type III secretion systems may allow both secretion of flagellin through the type III system, and of type III substrates through flagellar machinery [14, 15] .
Many transmembrane and cytosolic pattern-recognition receptors have been identified that detect a variety of microbial products that are not produced by eukaryotic cells. The NLR family member NLRC4 triggers inflammasome assembly in response to the presence of Salmonella flagellin within the cytosol of mammalian cells [12, 13] . Salmonella downregulates both SPI-1 and flagellin expression during the systemic phase of infection [16] , and it is tempting to speculate that this enables bacterial evasion of host cell recognition by the inflammasome. Flagellin is either a pseudogene or completely deleted in many obligate host-associated bacterial pathogens, such as Yersinia pestis, further suggesting that flagellin expression can be detrimental for adaptation of bacterial pathogens to the host environment [17] . Intriguingly, caspase-1-dependent pyroptosis and cytokine secretion in response to Salmonella flagellin can be uncoupled; NLRC4 is necessary for both processes, while the adaptor protein ASC is required for caspase-1-dependent cytokine secretion but not for pyroptosis [11] .
In their recent study, Miao et al. [7] therefore took advantage of bacterial and host genetic tools to address the role of flagellin recognition and caspase-1-dependent pyroptosis in host defense. To do this, these authors generated a system in which they ectopically forced expression of the Salmonella flagellin protein FliC during the intracellular phase of infection. These bacteria, termed FliC ON , were cleared more efficiently than their isogenic counterparts during infection of mice, and this clearance depended both on secretion of flagellin by the bacteria and on functional caspase-1 and NLRC4 in the host (Figure 1) . Interestingly, this clearance did not depend on ASC, suggesting that pyroptosis but not cytokine secretion is necessary for clearing Salmonella that express flagellin systemically.
To formally determine whether this is indeed the case, Miao et al. [7] [7] with a tool to specifically examine the contribution of inflammasome activation by flagellated bacteria to host defense.
The authors demonstrate that Salmonella ectopically expressing flagellin during systemic infection are associated with increased levels of pyroptosis, and this too depends on NLRC4. The authors additionally constructed a bacterial strain in which flagellin is controlled by an inducible promoter, allowing flagellin expression to be turned on after systemic infection has been established. Utilizing these bacteria, the authors demonstrate that induction of flagellin expression is associated with significantly higher levels of pyroptosis in vivo, and that forcing the bacteria to express flagellin results in their clearance in an NLRC4-and caspase-1 dependent manner, even after establishment of systemic infection.
Although these analyses demonstrated that ectopic flagellin expression triggers pyroptosis of infected cells in vivo, the fate of the bacteria released from the dead cells and the mechanisms ultimately responsible for their clearance were not clear. Miao et al. [7] therefore went on to investigate this important question. Using a combination of doxycycline to induce flagellin expression and gentamicin to kill extracellular but not intracellular bacteria, the authors first found higher levels of extracellular FliC ON bacteria in infected tissues compared with wild-type bacteria. Interestingly, Miao et al. [7] also observed that, in mice deficient in phagosomal production of reactive oxygen species, due to deletion of the gp47 subunit of phagocyte oxidase (Ncf -/-), FliC-expressing bacteria were hypervirulent and actually replicated to higher levels than wild-type bacteria. Furthermore, the FliC ON bacteria were preferentially found in the neutrophils rather than macrophages of Ncf -/-mice. One question is why neutrophils do not undergo pyroptosis in response to the presence of bacterial flagellin, but Miao et al. [7] 
Finally, the authors demonstrated that, in the absence of neutrophil-mediated clearance mechanisms, tissues of animals infected with FliC ON bacteria show more severe pathology, with higher levels of tissue necrosis and inflammatory infiltrate than wild-type animals infected with wild-type bacteria. In wild-type mice infected with FliC ON bacteria, however, the authors observed minimal tissue pathology, consistent with successful clearance of these bacteria. Miao et al. [7] conclude that intracellular, flagellin-expressing bacteria are cleared through a mechanism involving macrophage pyroptosis and externalization of the bacteria, followed by their uptake by neutrophils and neutrophil-mediated killing. Interestingly, failure of these neutrophil killing mechanisms in the context of persistent inflammasome activation by flagellin resulted in a severe immunopathology evidenced by disruption of tissue architecture and high levels of necrosis.
Pyroptosis triggered by NLRC4 therefore appears to provide an important way for the innate immune system to recognize bacteria that express flagellin during infection. This mechanism appears to function independently of caspase-1-dependent pro-inflammatory cytokine secretion, suggesting that innate control of bacterial infection can potentially occur without stimulating overt inflammatory responses. The development of methods to promote pyroptosis of cells infected by non-flagellated intracellular bacteria might therefore serve as a potentially useful therapeutic strategy to bypass bacterial evasion mechanisms and enhance the host's own defense against infection. A new neuropsychological study of a rare patient provides novel evidence that amygdala lesions can virtually abolish the experience of fear, illuminating neurobiological mechanisms of fear experience.
Stephan Hamann
When a fear-inducing stimulus such as a crawling spider frightens us, a complex cascade of processes is initiated across multiple brain regions and pathways. Although basic mechanisms of fear learning and expression have been characterized in humans and non-human animal models [1, 2] , current understanding of many aspects of emotional processing remains incomplete. This is particularly true for the brain systems that mediate the experience of fear and other emotions. The amygdala, a small almond-shaped group of nuclei in the anterior temporal lobe, is a critically important orchestrator of emotional processes, particularly negative emotions such as fear. For example, the amygdala is critical for learning new fear associations, processing emotional attributes of aversive and appetitive stimuli [3] , boosting long-term memory for emotional events [4] , and recognizing fearful facial expressions. In contrast to its clear role in other fear-related phenomena, however, the amygdala has not been shown to have an essential role in the actual experience of fear, that is, what it feels like to be afraid, along with the behavioral and physiological manifestations of fear. Indeed, the limited available evidence has suggested that the ability to experience fear persists even after complete loss of the amygdala in humans [5] , notwithstanding anecdotal clinical reports of diminished fear experience in some amygdala lesion patients.
A study reported recently in Current Biology [6] revisited the role of the amygdala in the experience of fear in an extensive and systematic case study of a rare patient with selective bilateral amygdala lesions. The striking findings of this study suggest that, contrary to previous reports, the human amygdala does indeed play a critical role in triggering the experience of fear, and that loss of the amygdala can result in a virtual absence of behavioral fear reactions and fear experience even in the face of potent fear elicitors. These findings have important implications for understanding neural mechanisms underlying fear and have broader implications for theoretical models of emotion.
Feinstein et al. [6] investigated fear induction and experience in patient SM, a 44-year old woman with complete bilateral amygdala lesions due to Urbach-Wiethe disease, a disorder caused by loss-of-function mutations of the extracellular matrix protein 1 (ECM1) gene. Previous studies of this patient yielded a veritable mother lode of novel and influential findings regarding the emotional and social functions of the human amygdala [7, 8] . SM's brain lesions ( Figure 1A , blue regions) are relatively limited to the amygdala and overlap completely with brain regions preferentially active during processing of fear-inducing stimuli, as determined in recent metaanalysis of multiple neuroimaging studies ( Figure 1A , red regions) [9] . Using a multi-pronged experimental approach, the authors systematically probed SM's behavioral and subjective responses to a wide range of stimuli and situations that potently elicit fear in healthy individuals ( Figure 1B) , complementing these experimental studies by carefully assessing SM's fear experiences across her lifetime. Figure 1 . Overlap of lesions with neuroimaging studies of fear and converging strategies to identify fear deficits in patient SM. (A) SM's amygdala lesions (blue regions) overlap completely with a neuroimaging meta-analysis brain map that summarizes the regions most consistently associated with fear (red regions) [9] . (B) The experimental strategy for investigating SM's fear deficits focused on systematically establishing her lack of fear in multiple domains: across multiple potent fear elicitors, in everyday life and assessed clinically, and across her lifetime through extensive interviews. These combined findings provide substantial new evidence that bilateral amygdala lesions can produce a specific and virtually complete deficit in the experience of fear [6] .
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